It was demonstrated
by BAKER(1958 BAKER( ,1959 )that a large fraction of 5-hydroxytryptamine(5-HT)in duodenal mucosa was present in intracellular store granuels denser than the mitochondria.On the other hand,WHITTAKER(1959) reported that the brain 5-HT was chiefly found as a bound form in subcellular fractions less dense than the typical mitochondrial one,suggesting the difference between the brain and intestinal 5-HT.He also described release and inactivation of this particulate 5-HT.Using the fraction action and bioassay method similar to those used by WHITTAKER,his result could be confirmed in our laboratory.But KATAOKA(1962) found that substance P of rabbit brain showed the subcellular distribution and properties quite similar to those of 5-HT. Stating the Vane's rat fundus preparation(1957)used for bioassay for 5-HT in Whittaker's work was also sensitive to substance P,he cast some doubts on the nature of particulate 5-HT described by this investigator,since he omitted the acetone extraction of 5-HT prior to its bioassay.It seemed necessary, therefore,to re-examine whether or not neuronal 5-HT is mainly present in the so-called synaptic vesicle fraction.Then,using the acetone treatment, subcellular distribution and some properties of such a bound 5-HT in brain were re-investigated.This paper is chiefly concerned with this problem.A brief account of the results described has already been submitted to the publication(INOUYE, KATAOKA and SHINAGAWA,1962 (FIG.3a) ,while the fundus contracting activity of acetone-soluble aliquot would provide the proper estimate of 5-HT (FIG.3b) . All five observations showed always that the SP activity was highest in 0.32M subfraction,the 5-HT being highest in 1.6M subfraction.The protein content was determined on each fraction and subfraction (FIG.4) After such treatments,the suspensions were centrifuged at 10,000g for 30min and the 5-HT content was determined on the sediment and the supernatant respectively.Comparing the sum of 5-HT content of both portions with that of the original suspension,its nearly full recovery(90-100%)was confirmed,while the released particulate 5-HT in was estimated from the decrease in the 5-HT content of sediment.Some of the results obtained are illustrated in In one experiment,the microsomal fraction was treated in similar way; the supernatant separated from P2 fraction was centrifuged at 108,000g for 60min,the sediment was resuspended in 0.32M sucrose and then subjected to the above-stated treatments,after which the mixture was centrifuged again at 108,000g,the 5-HT content being determined on the sediments and the supernatant.The results obtained were generally speaking ,similar to those obtained on the P2 fraction,the only difference being that the total recovery of 5-HT was less than the P2 suspension(60-90%)
,especially in the raising temperature,a fact which suggests the presence of 5-HT inactivating enzyme in the microsome(see below).
IV.
• The vertical bars:represent variation range of 5-HT found after incubation with N,M,V and A fractions. The 5-HT solution(10ng/ml)boiled immediately after adding each suspension was used as the control. ation of particulate 5-HT.After treated with ether as described in the previous section,however,we failed to confirm such an enhanced 5-HT inactivating power of microsomal fraction (FIG.6) .
It seems worthy to note here that the rat's fundus not only showed no contraction but also often responded with relaxation,when the incubation mixture of the microsome suspension and 5-HT was added to the organ bath, a fact suggesting the formation during incubation(or at least the presence) of a plain muscle relaxing substance in the suspension.
DISCUSSION
The data presented in this paper demonstrate that the particulate 5-HT of rabbit brain was found in the heavier granule as well as in the microsome, the so-called"synaptic vesicle"fraction(WHITTAKER,1959)showing rather weak 5-HT activity,a finding in sharp contrast with that reported by WHIT-TAKER.Such a fact is probably attributable,as stated above,to his ommitting acetone-extraction in his 5-HT determination.As for the accurate bioassay of 5-HT,CORREALE(1958)and COSTA(1960)described that not only the acetoneextraction to isolate it from practically acetone-insoluble SP,but also incubation with chymotrypsin to destroy SP contaminant completely was required. In the present experiments,the latter procedure was omitted and the possibility of slight contamination of SP might not be completely excluded.As shown above,however,the amount of neuronal 5-HT found by us is in good agreement with those obtained by carefull study by AMIN, CRAWFORD and GADDUM (1954) .Moreover,the fundus stimulating activity of acetone-insoluble aliquots expressed by the 5-HT equivalence shows good parallelism with their SP activity and its subcellular distribution is quite similar to that of SP(KATAOKA, 1962),and of ACh(WHITTAKER,1959),while the distribution of 5-HT found by us is rather similar to that of intestinal mucosa (BAKER,1959) .Therefore, contribution of SP contamination would be only to a negligible extent if present. Whittaker's findings that the particulate 5-HT is liable to be released and such an inactivation is not inhibited by iproniazid but enhanced by ether treatment are also correspondent to our observations on the neuronal particulate SP(KATAOKA,1962).On the other hand,tkie microsomal fraction was proved to have a significant 5-HT inactivating action on incubation with 5-HT,which could be inhibited by iproniazid and appears to be attributable to the presence of a monoamine oxidase in this fraction(cf. BLASCHKO and LEVINE,1960) . Furthermore,the disappearance of fundus-contracting activity of our particulate fraction on incubation with a crude 5-HT oxidizing enzyme preparation would be regarded as indicative of our observing true 5-HT activity in the brain homogenate.In view of these facts,the results on the brain 5-HT reported by WHITTAKER might be said to be chiefly on SP in the brain. As shown in the subfractionation of the washing fraction of nuclei,about a half of the nuclear 5-HT could be interpreted as contamination of 5-HTcontaining granules.The 5-HT activity found in the cytoplasmic supernatant, a part of it at least,could originate from liberation of such a particulate 5-HT during preparation procedure,since homogenation was carried out in the absence of iproniazid and so the free 5-HT might be destroyed.In fact,as shown above,the particulate 5-HT could be liberated with relative ease by changes in the temperature,pH and osmotic pressure of suspension media.From the data presented here,however,it is impossible to deny the existence of free 5-HT other than the granule-bound one.The present experiments could provide hardly any data on the nature of 5-HT found in the N fraction,the only thing to be noted here being its unsatisfactory recovery compared with other subcellular particles (FIG.1) suspension subjected to incubation should be taken into account.The monoamine oxidase activity in the brain mitochondria as well as its inhibition after iproniazid administration were already reported by GEY and PLETSCHER(1961). In our laboratory,activity to oxidize 5-HT and p-phenylendiamine was manometrically detected in the mitochondrial and microsomal fraction of rabbits (unpublished).Therefore,the above-stated results are attributable in the 5-HT inactivating power of each fraction,the Ms fraction being the highest.In this connexion,it seems worthy to note here that copper is proved in the Ms caeruloplasmin,a copper-containing protein can oxidize 5-HT as well as pphenylendiamine BLASCHKO and LEVINE,1960).Indeed,it was confirmed that the crude enzyme prepared from pig serum according to Blaschko's procedure inactivates the particulate 5-HT.It seems not always so unlikely that the 5-HT inactivating action of the Ms fraction is due to the presence of caeruloplasmin in this fraction.But its activity appears not to be inhibited by iproniazid.Further experiments are needed characterize the 5-HT inactivating activity of the particulate fraction of brain.
